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Abstract 
 
The optical freedom degrees concept proposed by M.Laue and developed by D.Gabor, have found a fruitful 
application for the information description of many optical and optical-electronic systems. This concept is used in 
the present paper in order to form a new view at the acousto-optic devices and systems. Description of the acousto-
optic devices (AOD) via the optical freedom degrees allows us to connect the new criteria of the AOD technical 
characteristics with their possibilities of information processing. 
Keywords: optical freedom degrees; acousto-optic tunable filters; information productivity; discretization principles 
of the processed data.  
 
1. Introduction 
The devices of light information transmission and processing can be described by means of the 
amount of optical freedom degrees. The total number of them, according to M.von Laue (1914) 
represents a fundamental invariant of the optical system. Unlike the mechanics, the number of freedom 
degrees in optics means the number of intervals in which the signal value can vary independently on the 
signal variation in any other interval. However, unlike many other systems, an optical system transmits 
any kinds of information including spatial (by x, y, and z), temporal, spectral, polarization, and phase 
information. The total amount of optical freedom degrees can be expressed through the product of 
freedom degree numbers related to different kinds of light information. It is often necessary to transmit 
to the optical system output only separate kinds of information but containin the biggest possible 
amount of freedom degrees in them. D.Gabor (1961) and W.Lukosz (1966) noted that inside the limit of 
the total amount of optical freedom degrees it is possible to increase the freedom degrees number for 
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one kind of information at expense of that of another kind.   
 
2. Different kinds of information comprised in optical signal 
Unlike the signal in the communication system, the signal in optical system comprises different 
kinds of information. These kinds of information can differ not only quantitatively but also 
qualitatively. The values which compose it, can have not only different amounts but even different 
nature. 
These kinds of information can be divided into two groups. One of them includes information 
which is related to different intervals by coordinates x, y, and z, as well as to temporal intervals t. 
Another group comprises kinds of information related to different features of the signal carrier – light 
wave. The light waves at given x, y, z, and t can be defined by the total amount of energy in each 
interval. But the amount of this energy has to be divided by the sets having different wavelengths λ, 
different orientation of polarization, and different initial phases ore phase differences under the light 
wave transmission through certain area of the medium to be considered. This second group of 
information kinds can be detected only in the case of use of the special devices which divide the total 
signal energy into its separate parts, and then in each part the operations must be performed which 
determine the amounts of information in them.  
 In order to provide light signal spatial division by light wavelengths, a number of spectral 
devices exist. However, all of them produce the spatial distribution by the wavelengths from each of the 
spatial intervals. It occupies a big amount of spatial elements at the device output, which cause the 
deterioration of the transmitted spatial information. Just by the same way, using polarization analyzers it 
is possible to divide in space and in time the information intervals by the polarization orientation. And, 
at last, also at expense of spatial or temporal information decreasing it is possible to transmit 
information regarding the initial phase or phase difference between two waves, which plays an 
especially important role for the interference analysis.  
 In the case if the object light field is the source of information flow, in the system initial links 
all these kinds of information can exist. Some of them disappear only at the stage of the signal 
registration. 
If many independent kinds of information must be transmitted for different components of light 
transmission (let us suppose that their total amount is M), entropy H can be recorded as 
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where pi – probability of the signal location inside one of m levels, k – number of kinds of information, 
m – number of the signal possible levels over zero. 
If the data regarding differences of probabilities  pi of the signal location inside the certain 
level are absent, it is accepted to consider that these probabilities are equal for all the levels. At the same 
time it has been supposed that in N spatial channels (which are usually distributed by directions x and y 
such as N = NxNy) the number of distinguished levels can be accepted to be equal. In this case 
information looks to be equal for all N channels, and the total amount of information is defined as 
   I = N log2(m+1).                     (2) 
 If the experiments are performed with the same information source in n time intervals, so 
 
                                              I = n N log2(m+1).                                   (3) 
 
 In more general case, if we deal with spatial and temporal kinds of information, and, 
especially, with spectral, polarization, and phase kinds of information, the amount of levels for different 
channels or cells appears not to be equal. Along with that it follows from (1) 
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 Hence, it is necessary to know how are energy and amount of gray scale levels which depends 
on energy, distributed in each of kinds of information, moreover, sometimes we must know their 
distribution in each interval (each freedom degree). 
 
3. Possible kinds of information in different acousto-optic devices 
From the point of view of information transmission method and kinds of optical freedom degrees 
the acousto-optic devices (AODs) can be divided into two unequal groups. The first group includes the 
majority of AODs in which the initial light beam does not contain information to be processed in the 
device, and all the useful information comes as an input signal in piezoelectric transducer. The second 
group of AODs includes only acousto-optic tunable filters (AOTFs) where the useful spectral (and 
sometimes spatial) information is hidden in the input beam of polychromic light whereas the signal 
coming into piezoelectric transducer carries only the service information.  
The fundamental peculiarity of the AODs related to the first group is a laser being used as a light 
source. This circumstance immediately excludes the spectral and polarization information from the 
consideration. The signal in AOD input carries only temporal information whereas both spatial and 
temporal information takes place at the AOD output. The information flows in AODs of the first group 
have been illustrated in fig. 1. 
 
 
 
 
Fig. 1. A circuit of information flows in AODs of the first group 
 
 As for AODs of the second group – AOTFs – the spectral information is contained in the input 
light beam. In separate cases (for instance, in imaging AOTFs) also spatial information may be included 
in the input beam. The information flows for AOTFs  are illustrated in fig. 2. 
Note that also polarization information may be contained in the image to be processed, and it is 
necessary to apply also the polarization optical elements in order to select this kind of information. It is 
evident that in the case of imaging AOTFs the amount of information to be processed may be 
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significantly higher than that for AODs of the first group. 
 
 
 
 
Fig.2 A circuit of information flows in AOTFs 
 
 It is especially evident for the system of the images multispectral and hyperspectral processing 
(N.Gupta et al., 1999) including the systems of biomedical optical diagnostics (K.V.Zaichenko et al., 
2013). 
 
4. Optical freedom degrees and optical fields digitization principles in application to 
acousto-optic devices 
Number of the freedom degrees has purely discrete nature whereas the optical fields which 
contain information to be processed and transmitted, represent analog objects. In the process of optical 
fields digitization principles it is necessary to take into consideration  that each freedom degree 
represents the interval which is separated by space, time, and other possible coordinates, in which the 
signal may be of any value independently on the signal values in the other intervals. 
Nowadays three basic principles of the light fields digitization are applicable. One of them is 
based on the determinate separation which can be defined by some calculable phenomena, for example, 
by diffraction. This principle proceeds from the fact that some function f(x,y) defines the real separation 
exactly, and the operators being applied to this function, are always invariable and produce the same 
result. This principle is applicable up to certain limits. Both uncertainty relation and actual limitations of 
some parameter measurements accuracy in certain given point, cause the situation under which it is 
necessary to abandon the described principle of the light fields digitization. 
The second principle of digitization is based on the statistical method. Light wavefront 
repetitive realizations will differ from each other even the conditions of these realizations are equal. The 
mentioned difference will be expressed in the intensity and light wavefront intervals distribution 
direction fluctuation. This will cause the additional inaccuracies in determination of the initial 
wavefront amplitudes and phases distribution. In its turn, it follows the need of extension of elementary 
intervals by which the object light field has to be divided. 
The third principle is connected with technical limitation which are provided by the system. 
For instance, in the case of television camera application in an optical-electronic system, it is no need to 
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provide the spatial intervals which are less than the array pixel size in the camera. As for AODs, so, 
despite the fact that in the real practice the first principle is often applied (for example, by Raleigh 
criterion application for the AODs resolving power estimation), the adequate result can be obtained if 
the combination of the second and third principles is used. For instance, application of the information 
criteria of resolving power by space and light wavelength (B.S.Gurevich, 2013), allows to take into 
consideration noises which occur in AODs, and the simultaneous consideration of limitations providing 
by the photosensitive devices, allows in the set to provide formation of the total amount of freedom 
degrees in which the signals are independent from each other in the limits given by the problem 
conditions.  
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